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CONTROLLING CURRENT IN DISPLAY DEVICE 



FIELD OF THE INVENTION 

The present invention relates to adjusting contrast and brightness of 
a display device. 

5 BACKGROUND OF THE INVENTION 

One example of a pixel circuit for an active type OLED display 
device is shown in FIG. 1 . The source of a p-channel TFT1 for pixel drive is 
connected to a power supply PVdd, while the drain is connected to an anode 3 of 
an OLED (organic EL) element. Also, the cathode of the OLED element is 
10 connected to a low voltage power supply CV. 

The gate of the TFT1 is connected to an auxiliary capacitor power 
supply Vcs via an auxiliary capacitor C, as well as to a data line Data for 
supplying a voltage based on pixel data (luminance data) via an n-channel TFT2 
for selection. The gate of the TFT2 is connected to a gate line Gate extending in a 
15 horizontal direction. 

At the time of display, the gate line is made H, and the TFT2 of a 
corresponding line is turned on. In this state pixel data is supplied to the data line 
Data, and this charges the auxiliary capacitor C. The TFT1 is then driven by a 
voltage in response to the pixel data, and the current through the TFT1 flows in 
20 the OLED element 3. 

Here, the amount of emitted light and the current in the OLED 
element 3 has a substantially proportional relationship, but current begins to flow 
in the TFT1 when a voltage difference from the gate - PVdd exceeds a specified 
threshold voltage Vth. Pixel data supplied to the data line Data is added to the 
25 voltage (Vth) so that drain current starts to flow in the vicinity of image black 
level. Also, the amplitude of an image signal is such that there is specified 
luminance in the vicinity of a white level. 

FIG. 2 is one example of a relationship between input voltage 
(Vgs), and luminance and current icv of the OLED element 3. In this manner, the 
30 OLED element 3 begins to emit light at voltage Vth, and is set such that emitted 
light becomes a white level at a white level input voltage Vw. 
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Here, since the luminance of light emitted from the OLED element 
3 is proportional to the current flowing in the element, as described above, in 
order to drive a panel it is necessary to have a power supply capable of providing 
the current required when carrying out display for an image having maximum 
5 luminance over the entire surface. Accordingly, a power supply is required that 
has considerable surplus capacity compared to the power supply capacity required 
under normal usage conditions. 

On the other hand, with a display device for displaying mainly 
natural images, used in a digital camera or video camera, the average level of 
1 0 image data is normally about 25%, and the maximum current of the power supply 
is rarely utilized. 

There have also been proposed methods of calculating a histogram 
and average luminance in image frame units and generating panel drive data based 
on the results, with the intention of improving image quality and conserving 
1 5 power (see Japanese Patent Laid-open No. Hei. 7-322 1 79 and Japanese Patent 
Laid-open No. 2002-1 16732. 

With a display device having contrast and brightness adjustment 
built-in, it is necessary to determine the capacity of the power supply section 
assuming adjustment to the respective maximum values. There is a problem that 
20 the capacity of the power supply has to be significantly increased. 

SUMMARY OF THE INVENTION 
It is an object of this invention to provide contrast and 
brightness adjustment in a display device which doesn't require a substantial 
increase in the capacity of the power supply. 
25 This object is achieved by a display device for carrying out 

image display on a display panel by controlling current flowing in display 
elements for each pixel based on image data, comprising: 

display setting circuitry for setting a relationship between 
image data and current values for current flowing in display elements in 
30 response to an input adjustment signal, to set contrast or brightness; 
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estimation circuitry for estimating panel current flowing in all 
pixels when carrying out display for the display panel based on the image 
data; and 

current control means for controlling actual panel current by 
5 correcting the set contrast or brightness based on the panel current estimated 
by the estimation means. 

In this way, according to the present invention the set contrast or 
brightness is corrected based on estimated panel current. The panel current can be 
controlled to specified values or less. 
10 Also, if the panel current estimated by the estimation means does 

not exceed a specified set value, correction of contrast or brightness by the current 
control means is preferably not carried out. 

Further, if the panel current estimated by the estimation means 
exceeds the specified set value, the current control means preferably corrects the 
1 5 contrast or brightness such that actual panel current at the time the estimated panel 
current becomes maximum panel current coincides with the maximum panel 
current. 

In this way, if the estimated panel current is small, the present 
invention controls actual panel current to less than the maximum panel 
20 current. 

The current control means can store a coefficient defining the 
relationship between estimated panel current required in correction of contrast or 
brightness, and correction of contrast or brightness, and corrects the contrast or 
brightness using this coefficient. 
25 Actual current consumption is detected at the factory, and if an 

optimum value for this coefficient is inspected and stored, then even if there are 
variations in efficiency for each panel, variations in maximum consumed current 
can be suppressed for each display device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 FIG. 1 is a drawing showing the structure of a pixel circuit; 

FIG. 2 is a drawing showing a relationship between input voltage 
and luminance; 
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FIG. 3 is a drawing showing the structure of an embodiment; 
FIG. 4(a) is a drawing showing a relationship between panel 
current leal obtained through calculation and actual panel current I; 

FIG. 4(b) is a drawing showing a relationship between panel 
5 current I and maximum luminance; 

FIG. 5 is a drawing showing the structure of a 
contrast/brightness correction circuit; 

FIG. 6(a) is a drawing showing a relationship between panel 
current leal obtained through calculation and actual panel current I; and 
10 FIG. 6(b) is a drawing showing a relationship between panel 

current I and maximum luminance. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

When contrast or brightness have been raised, rise in contrast or 
brightness at regions where panel current is large is suppressed, so that maximum 
1 5 current flowing in the panel does not exceed a set value. 

FIG. 3 is a block diagram showing the structure of an 
embodiment. An image signal is input from the outside. This image signal 
has three separate luminance signals, for each of RGB, for example, and is 
digital data. The image signal is input to a multiplier 10, where it is 
20 multiplied by a contrast C' to adjust the contrast. The output from the 

multiplier 10 is input to an adder 12, where it is added to a brightness B\ 
The output of the adder 12 is input to a gamma correction circuit 14, and 
after gamma correction has been performed, this output is converted to an 
analog signal by the D/A converter 16 and supplied to an OLED panel 18. 
25 The gamma correction circuit 14 carries out correction so that a relationship 
between the input data from the gamma correction circuit 14 and the current 
of the OLED panel 1 8 becomes linear. 

The OLED panel 1 8 is made up of the pixel circuits shown in FIG. 
1 arranged in a matrix configuration. Gate lines Gate in the horizontal direction, 
30 data lines Data in the vertical direction and Power supply lines connected to a 

power supply PVdd are then arranged. The gate lines Gate and data line Data are 
also controlled by vertical and horizontal drive circuits provided at the periphery 
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of a display region where pixel circuits are arranged, so as to supply image data 
for every pixel obtained from an image signal to each pixel. 

With this embodiment, the image signal is supplied to a panel 
current calculating block 20. This panel current calculating block 20 obtains 
5 panel current leal, being the sum total of current flowing in all pixels of the 
OLED panel 18, from data for a single frame of a plurality of frames of an 
image for driving the OLED panel 18. As the panel current leal, instead of 
the sum total for one frame it is also possible to use an average value for one 
frame or a sum total or average value for a plurality of frames. 

10 The panel current leal acquired in the panel current calculating 

block 20 is then supplied to a contrast/brightness coefficient correction circuit 22. 
This contrast/brightness coefficient correction circuit 22 corrects set values for 
contrast (C) and brightness (B) input by a user based on panel current leal 
calculated from the image signal, supplies a corrected contrast coefficient C to the 

1 5 multiplier 1 0 and supplies a corrected brightness coefficient B f to the adder 12. 
As a result, the image signal supplied to the gamma correction circuit 14 has 
been subjected to contrast and brightness adjustment using the corrected contrast 
coefficient C and brightness coefficient B\ 

A description will now be given for the contrast coefficient C 

20 and the brightness coefficient B\ 

With an active matrix type OLED panel 18, data for each pixel 
is held for the duration of one frame by a capacitor (auxiliary capacitor) 
added to the gate of a TFT for normal pixel drive. As a result, when current 
flowing in a pixel has a proportional relationship with respect to image data, 

25 the total current of the pixel section of the OLED panel 18 at a particular 
point in time is proportional to the total image data for one frame that has 
been input from that point until one frame before. By measuring this 
proportional constant in advance, it is possible to calculate total current 
(panel current leal) of pixel section in a frame unit from the image data. 

30 Here, the calculated panel current leal is a value calculated 

with contrast C and brightness B set to C = 1 and B = 0. 
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In FIG. 3, if the relationship between input data values of the D/A 
converter 1 4 and the panel current is linear, then when C 1 = 1 and B' = 0, the 
relationship between panel current (leal) flowing in all pixels of the OLED panel 
1 8 and the total pixel data for one frame (Drame) is obtained using the following 
5 equation. 

Ical=Dframe/(k*E) 

Here, k is gamma correction input data divided by luminance, and 
E is luminance divided by current flowing in one pixel. 

The relationship between panel current (leal) obtained in this way 
1 0 and the actual panel current (I) is shown in FIG. 4(a), and the relationship between 
total panel current at this time and maximum luminance of an image displayed is 
shown in FIG. 4(b). In these drawings, each graph is an example for when values 
are set as follows: m, C-l, B-0 (initial setting: n, Ol, B=0; o, Ol, B=0; p, C>1, 
B>0; q, Ol, B<0.) 

1 5 In this way, if C=l and B=0, for initial setting, then as shown by 

the straight line m, panel current I actually flowing increases linearly in response 
to panel current leal calculated in response to image data. Also, with 
characteristics n and o, B=0, and passes through the origin, but since the value of 
C is larger for the case of o, the gradient is large. Also, with characteristics p and 

20 q, the entire characteristic is shifted because of the value of B. 

Also, as shown in FIG. 4(b), from the point where panel 
current I becomes a specified value or more, a limit is imposed on the 
maximum luminance of a pixel. Accordingly, contrast C ? becomes smaller, 
and as shown in FIG. 4(a), the rate of increase in actual panel current I is 

25 reduced compared to the panel current leal acquired through calculation. 

Natural images taken with a digital camera or video camera have 
an average pixel level that is less than 50%, except in special cases, because of 
effects such as automatic exposure. As a result, for images having an average 
level that is a particular value or more, that is, images having a power 

30 consumption value of a particular value or more, even if the rate of increase in 
contrast adjustment is reduced, there is no effect for a lot of images. 



-6- 



FIG. 5 shows the structure of the contrast/brightness coefficient 
correction circuit 22. The contrast/brightness coefficient correction circuit 22 is 
made up of an Ical>Icalx determination section 22a, a contrast calculation section 
22b, and a switch 22c. Also, the contrast value C and the brightness value B are 
5 supplied from a CPU 24 for controlling various operations. Panel current leal 
from the panel current calculating block 20, that has been calculated from the 
image signal, is compared with Icalx in the Ical>Icalx determination section. Ical 
is also supplied to the contrast calculation section 22b together with contrast C 
and brightness B, and corrected contrast CO is calculated. Contrast C and 

1 0 corrected contrast CO are input to the switch 22c, and using the result from the 
Ical>Icalx determination section 22a, when Ical ^ Icalx C is selected, while CO is 
selected when Ical>Icalx. 

In this way, with the panel current less than a predetermined 
specified value Icalx, input contrast C and brightness B are supplied as they 

15 are to the multiplier 10 and adder 12 in the contrast/brightness coefficient 

correction circuit 22. As a result, display is carried out at the set luminance. 

On the other hand, when Ical>Icalx, CO is selected, contrast is 
corrected and display is carried about using the corrected contrast. That is, 
contrast C has a small value compared to C, and actual panel current I is 

20 suppressed. As a result, in this case, maximum luminance of the display pixels is 
suppressed. 

Specifically, if the number of pixels for one frame is N, when the 
panel current resulting from calculation Ical ^ Icalx, the actual panel current I 

is: 

25 I = (C •Dframe + B • N) ' (k • E) 

and if Ical>Icalx, the actual panel current I is: 

I = (CO • Dframe + B' • N) / (k • E) 

In the example of FIG. 5, B ! = B. 

A description will now be given of the calculation of corrected 
30 contrast CO in the contrast/brightness coefficient correction circuit 22. 
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Calculation is carried out in the contrast/brightness coefficient correction 
circuit 22 using the following equation. 

C f O=C-(C+B/(k*LwO) -a) •(Ical-Icalx)/(Imax-Icalx) (1) 

5 

Here, C is contrast setting value, B is brightness setting value, 
LwO is maximum luminance at initial setting time (C=l, B=0), a is luminance 
when panel current displaying all white becomes Imax divided by LwO, leal 
is panel current derived from linear conversion of original image data, Imax 

10 is maximum current flowing in the panel, Icalx is a value for leal at the point 
where maximum luminance begins to decrease, and can be arbitrarily set, and 
k is gamma correction input data divided by luminance. 

As shown in FIG. 6(a), panel current I is shifted by the 
brightness B. Also, when the panel current obtained through calculation leal 

15 = Icalx, leal - Icalx = 0, C = C and contrast C at the point in time where 

suppression of panel current I commences coincides with the contrast C as it 
is. In the case of characteristic m, C=l, B=0, a=l, and C -C=l, and no 
correction is carried out. 

Also, in the case where it is assumed that B=0, if Icalx is exceeded, 

20 (C-a) is divided and subtracted from contrast C until Imax is reached, for 

Ical=Imax, C'0=a becomes true, and the panel current I actually flowing at this 
time also becomes I=Imax. With respect to brightness B also, from when 
calculated panel current leal =Icalx until Ical=Imax, when division is carried out 
and Ical=Imax becomes true, actual panel current becomes I=Imax. 

25 In this way, the relationship between panel current leal derived 

from linear conversion of original image data values and actual panel current I 
becomes as shown in FIG. 6(a). For example, if C, B and Icalx have been set so 
that the Ical-I characteristic of characteristic q is held, a maximum luminance 
characteristic for panel current as shown in FIG. 6(b) is obtained. If panel current 

30 I exceeds current Ix corresponding to Icalx, the maximum luminance falls in 
accordance with coefficient a. 
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Here, the rate of decrease of maximum luminance differs 
depending on light emission efficiency, such as ql, q2 and q3, and becomes a=al, 
a=a2 and a=a3. Specifically, even if there are variations in light emission 
efficiency for each panel, the maximum consumed current of the panel does not 
5 vary, and it is possible to make the maximum luminance in a range where average 
luminance is low the same. Accordingly, even if there are variations in panel 
efficiency it is possible to suppress variations in maximum consumed current of 
every set by adjusting a at the time of shipping. 

Here, besides values for a, values such as LwO and Icalx required 
10 in the calculation of CO are stored in a non-volatile memory provided inside the 
device, such as inside the contrast/brightness coefficient correction circuit 22, at 
the factory. As a result, the above described calculation becomes possible at the 
time of use. Values such as Er, Eg and Eb required for the calculation of I are also 
similarly stored in non-volatile memory. With respect to k, it is possible to use a 
15 value that has been stored in the gamma correction circuit 14. It is also 

possible to have a configuration where values are obtained using automatic 
calculation based on current when some or all of these set values are used or 
measured luminance values. 

The maximum luminance when panel current is small is 
20 determined using set values of contrast and brightness, and the luminance at 
this time becomes x*Lw0. 

Also, when contrast and brightness have been set so that 100% 
luminance becomes less than or equal to a^LwO, maximum luminance is constant 
regardless of the current value. 
25 Icalx can be set arbitrarily, but is preferably set so that when C 

and B have been set to maximum values, actual panel current Ix at that time 
is less than or equal to Imax. 

In the case of a panel for displaying colors by driving RGB pixels 
with separate signal sources, since light emission efficiencies Er, Eg and Eb for 
30 each of RGB generally vary for each color, the total current I of the OLED panel 
1 8 is calculated using the following equation. 
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I=Rframe/Er+frame/Eg+Bframe/Eb (2) 

Here, Rframe is the total of R image data for one frame, Gframe is 
the total of G image data for one frame, Bframe is the total of B image data for 
one frame, Er is R luminance divided by current flowing in one R pixel, Eg is G 
5 luminance divided by current flowing in one G pixel, and Eb is B luminance 
divided by current flowing in one B pixel. 

In this way, according to this embodiment, total current for one 
frame of the OLED panel 18 is estimated based on input image data, and 
estimate total panel current leal reaches a predetermined value Icalx, and the 
10 set value C is used as it is without carrying out correction of contrast C. 

On the other hand, if panel total current leal exceeds a 
specified value, correction is added to the contrast C, and corrected contrast 
value C 1 is varied in accordance with the magnitude of panel total current leal 
so that panel current I actually flowing at the time total current leal from 
15 calculation becomes permitted maximum current Imax, and control is carried 
out so that actual panel current I does not exceed Imax. 

Specifically, panel current is made to not exceed a predetermined 
value, and it is possible to vary contrast and brightness by suppressing reduction 
in image quality to a minimum. 
20 With the embodiment described above, no correction has been 

carried out for brightness B supplied to the adder 1 2, and brightness was taken 
into consideration at the time of correcting contrast C. However, it is also 
possible to have direct correction of B. For example, during the period from when 
leal = Icalx to leal = Imax, B is continuously divided so as to become zero, and 
25 the term for B can then be deleted from the calculation of contrast C. Specifically, 
the term (C + B/(k»LwO)) in equation (1) above can also be included in conversion 
of B' from B. It is also possible to use contrast C as it is and to include this 
correction in conversion from B to B\ 

As has been described above, according to the present 
30 invention, set contrast and brightness are corrected based on estimated panel 
current. In this way, it is possible to suppress panel current to a specified 
value or less. 
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The invention has been described in detail with particular reference 
to certain preferred embodiments thereof, but it will be understood that variations 
and modifications can be effected within the spirit and scope of the invention. 
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